This paper tested the hypothesis that the structural components of vegetation have impact over the distribution of owl species in a fragment of a semi-deciduous seasonal forest. This paper also determined which vegetation variables contributed to the spatial distribution of owl species. It was developed in the Perobas Biological Reserve (PBR) between September and December 2011. To conduct the owl census, a playback technique was applied at hearing points distributed to cover different vegetation types in the study area. A total of 56 individual owls of six species were recorded: Tropical Screech-Owl (Megascops choliba), Black-capped Screech-Owl (Megascops atricapilla), Tawnybrowed Owl (Pulsatrix koeniswaldiana), Ferruginous Pygmy-Owl (Glaucidium brasilianum), Mottled Owl (Strix virgata) and Stygian Owl (Asio stygius). The results suggest that the variables of vegetation structure have impact on the occurrence of owls. The canopy height, the presence of hollow trees, fallen trees and glades are the most important structural components influencing owl distribution in the sampled area.
Introduction
Birds of prey, as well as other animal groups, are not evenly distributed in the different habitat types that make up a landscape (e.g. Thiollay, 1994; Granzinnolli and Motta-Junior, 2008) . Habitat selection by an animal is the result of its ecology, behaviour and physiology, or the interaction of these aspects (Cody, 1985; Tapia et al., 2007) .
The biology of nocturnal birds of prey, such as owls, is less well known than that of daytime birds of prey, especially regarding habitat use and selection. Some studies conducted in the northern hemisphere have suggested a connection between owl distribution and features of vegetation structure or landscape (Solis Junior and Gutiérrez, 1990; Laidig and Dobkin, 1995; Carey and Peeler, 1995) . Some owls, like Otus flammeolus (Kaup, 1853) , are associated with areas that have glades around locations used for nest-making (Mccallum and Gehlbach, 1988) , whereas individuals of Strix varia (Barton, 1799) require mostly closed canopy areas to use as a resting roost and dormitory during the day (Laidig and Dobkin, 1995) . Understanding which characteristics of vegetation structure or landscape have impact on the occurrence of different species is important for conservation, especially of forest owls, which are potentially more sensitive to habitat fragmentation (Borges et al., 2004) .
In Brazil, a study in the Amazon Rainforest revealed that the two sampled Strigiform, Lophostrix cristata (Daudin, 1800) and Glaucidium hardyi (Vielliard, 1990) had a more general distribution pattern that was indifferent to the types of vegetation (Sberze et al., 2009) . Also in the Amazon Rainforest, Barros and Cintra (2009) conducted a study that evaluated the effects of forest structural components on habitat use by six Strigiform species. L. cristata and G. hardyi showed a distribution pattern concentrated in the most preserved areas of the centre of the forest, unlike Megascops watsonii (Cassin, 1849) , which showed a concentrated distribution in forest locations with a higher frequency of broken but still standing tree trunks. In the Atlantic Forest, Amaral (2007) studied the habitat use of five species of forest owls and found that Strix virgata (Cassin, 1849) was the most specialised, confining itself to taller canopy points, whereas Megascops choliba (Vieillot, 1817) was a generalist, occurring in all areas.
The Atlantic Forest has been widely explored and fragmented in recent decades (Morellato and Haddad, 2000) . In the north and northwest of Paraná state, the situation is no different. Due to advancing agricultural activities in those regions, the Atlantic Forest has been reduced, leaving less than 2% of semi-deciduous seasonal forest in the state's northwest (Ribeiro et al., 2009) . The Perobas Biological Reserve, with 8,716 ha (ICMBIO, 2012) located in northwest Paraná, is the largest forest fragment across the north and northwest of the state, and is becoming an important refuge for the region's fauna and flora. The reserve is characterized by harbouring a contact zone between the seasonal semi-deciduous forest and mixed ombrophilous forest (ICMBIO, 2012) .
Our working hypothesis is that owl species have different spatial distributions inside that Unit Conservation. This study aimed to identify which variables of the vegetation affect the spatial distribution of each owl species the most.
Material and Methods

Study site
The Perobas Biological Reserve (23º 47' 23º 54' S and 52º 41' 52º 50' W; PBR), is located in the municipalities of Tuneiras do Oeste and Cianorte, in the northwest region of Paraná state (ICMBIO, 2012) . The region's climate is characterized as humid subtropical type Cfa, presenting well-distributed rainfall throughout the year and harsh summers, according to the Koppen-Geiger classification (Peel et al., 2007) . The region has altitudes ranging from 410 to 590 m (ICMBIO, 2012).
Field procedures
Eight sampling points were determined in the Perobas Biological Reserve (PBR), as can be seen in Figure 1 . To sample the components of vegetation at each point, two 10 × 10 m plots were marked with a distanced centre 10 m to the north and south of the sampling point. Inside each quadrant, the following variables were recorded: average canopy height (ACH); presence of glade (GLA); abundance of climbing plants (ACB); abundance of shrubs (ASH) and the presence of litterfall (ABL). The latter four variables were classified according to the following criteria: (1) absent; (2) present in up to 10% of the area; and (3) present in more than 10% of the area. The number of arboreal individuals with CBH (Circumference at Breast Height) from 50 to 90 cm (CHA), 91 to 150 cm (CHB), 151 to 210 cm (CHC), or > 211 cm (CHD); number of hollow arboreal individuals (HOL); and fallen trees (FAT) were also collected.
Owl censuses were conducted between September and December 2011, a period when the owls' vocal activities are more frequent, increasing the detectability of different species (Newton, 1979; Granzinnolli and Motta-Junior, 2008) . Each point was sampled four times in a campaign in four different periods: dusk (17:00 to 19:00); night (19:00 to 21:00); early hours (00:00 to 02:00) and dawn (05:00 to 07:00). The punctual detection radius was 150 m.
To maximize auditory contacts with the owls, the technique of "playback" was used, which consists of reproducing recordings of owl species with historical records in Parana's Atlantic Forest. Potential species in the PBR were obtained from species lists of the region (Straube et al., 1996; Anjos and Bóçon, 1999; Straube and Urben-Filho, 2005) .
After each playback, we waited for 3 min, followed by another 2 min of playback and ending with a final 5 min of waiting for each owl species, thus respecting a probable period of lethargy (Mosher et al., 1990) .
Data analysis
Each sampling point was considered a sampling unit (S.U.) and the vegetation's components were regarded as independent variables. To determine the abundance of each species at each sampling point, the maximum number of contacts obtained in a punctuate sampling was considered. This procedure, based on Bibby et al. (2000) , is used for birds with low population densities, as in the case of nocturnal raptors.
To sort the vegetation's physiognomy at the sampling points from the variables, the Bray-Curtis index was used (Krebs, 1999) employing the Past Program, version 2.1.7c. To verify the distribution patterns of the owls and the influence of vegetation variables, canonical correspondence analysis (CCA) was used (Ter Braak, 1986 ) by means of the R program package "vegan" (Oksanen et al., 2011) .
Results
Analysing the results of the vegetation variables, three sampling point groups could be be defined (Figure 2 ). The first group had mature wood, with large trees and high canopy heights ranging from 12 to 22 m (points 7, 3, 4 and 6). The second group had the physiognomy of regenerating forest, with a lower canopy, 7 to 9 m tall, few large and medium-sized trees and glades present more frequently Most of the sampling points exhibited the same species composition (Table 1) , with small variations in the number of individuals. Point 4, located almost in the centre of the PBR, had all sampled species present and also had the largest number of individuals at a single point (=10). Point 8, located in the swampy area with araucarias, recorded just one species and two individuals.
Analysing the number of species recorded at different canopy heights according to their body weight obtained from the literature (Sick, 1997) , it can be noted that owls with greater body mass (S. virgata, P. koeniswaldiana and A. stygius) had a larger number of records in areas with tall canopy, whereas owls with lower body mass (G. brasilianum, M. choliba and M. atricapilla) were distributed more homogeneously in the forest (Figure 3) .
The results of the canonical correspondence analysis (Figure 4) showed significant distribution patterns. The first axis (CCA 1) explained 52.38% of the variance and axis 2 (CCA 2) 27.24%. The variables considered significant in the spatial distribution of the owls were average canopy height (ACH), presence of glade (GLA), abundance of climbing plants (ACB), number of arboreal individuals with CBH between 50 and 90 cm (CHA) and 91 or 150 cm (CHB), number of hollow arboreal individuals (HOL) and fallen trees (FAT). The CCA's results are spatialized in a diagram ("diplot").
The results suggest that M. atricapilla, S. virgata, G. brasilianum and P. koeniswaldiana are more abundant in environments with a greater number of arboreal individuals with CBH between 91 and 150 cm, with fallen trees, hollow trees still standing, taller canopy and fewer small trees (CHA) and glades. On the other hand, M. choliba occurred in greater abundance in locations with higher frequencies of glades and small trees.
Discussion
The results obtained in this paper support the hypothesis that owls have different distribution patterns inside the sampled forest. The canopy height as well as the presence of hollow arboreal individuals, glades and fallen trees are the most influential variables in the owls' distribution in the PBR. The larger species are associated with forest areas with tall canopies, with a great abundance of still standing and fallen trunks, whereas the smaller species were distributed more homogeneously.
Strix virgata and P. koeniswaldiana used PBR areas with higher canopies. This characteristic of vegetation structure is typical of a most mature forest with a greater abundance of large trees, hollows and cavities with larger apertures that favour the occurrence of these species. These vegetation characteristics may also be associated with a greater variety of small mammals and birds (Kiltie, 1981) , which are the main food items of both species, as noted by Sick (1997) .
For some owls the presence of standing dead trees is an essential factor in choosing locations for nesting (Thorstrom et al., 2000) . Barros and Cintra (2009) indicated a high density of L. cristata and M. watsonii in points with this trait. The results of this paper indicated that the presence of hollow arboreal individuals had greater influence on the occurrence of S. virgata and G. brasilianum, who use these locations for nesting (Sick, 1997) .
Biological knowledge about M. atricapilla is scarce and no study has been conducted with reference to its habitat use and selection. Here, for the first time, detailed habitat information for this species is presented. It coexists with its congener, M. choliba. It is known that M. atricapilla is a species associated with primary forests and M. choliba is more associated with the edges of woods and regenerating-stage forests (Sick, 1997; König and Weick, 2008) . In the present study, M. choliba and M. atricapilla had more generalist patterns, occurring in forest environments with a great abundance of tall and large trees as well as areas with low canopies, glades and low tree abundance. M. atricapilla failed to be recorded only in a location where just a few trees and many glades predominated. Asio stygius, which is medium-sized, inhabits savannas and semi-open areas, using forests and forest borders for daytime rest (Sick, 1997; Konig and Weick, 2008) . In this paper, A. stygius was more associated with fallen trunks; however, only one individual was sampled.
The six owl species found in the PBR represent about 42.8% of the number of forest owl species documented in southern Brazil, which could be considered a relatively high richness for such a small fragment (Straube and Urben-Filho, 2005; Scherer-Neto et al., 2011) .
Conclusion
The canopy height, the presence of hollow arboreal individuals, glades and fallen trees are the most influential variables in the owls' distribution in the PBR. The larger species are associated with forest areas with tall canopies, with a great abundance of still standing and fallen trunks, whereas the smaller species were distributed more homogeneously. Some owl species are more tolerant while other species are sensitive to habitat requirements such as those related to food and breeding. Further studies involving these and other species in different vegetation types, are needed to confirm the patterns presented here and determine the habitat use of species in different types of vegetation.
